The present article describes a new concept of lightning-caused forest fire danger using a probabilistic criterion. The assessment of forest fire danger is made on the basis of the algorithm that classifies the forest territory by vegetation conditions. Lightning activity is processed by the MODIS spectroradiometer according to the World Wide Lightning Location Network data and remote sensing data for the Timiryazevskiy forestry in the Tomsk Region. The cluster analysis of the WWLLN and MOD06_L2 product data are used in the present paper.
Introduction
The modern scientific community is actively engaged in the research in the field of forest fires. A number of researchers are engaged in evaluating the conditions of a forest fire front spreading [1] to be able to assess the opportunities for its location or to adopt the security measures in a nearby village [2] . Other scientists are looking for the ways to extinguish a forest fire effectively [3] . Any fire incident starts with a surface fire [4] . Therefore, it seems appropriate to develop the methods, approaches, and technologies of forest fire danger anticipation [5] . The development of methods to assess, monitor, and forecast forest fires takes an important role in solving this problem [6] . The assessment requires the information about the current state of a forest fire season [7] . The monitoring is carried out to collect the current and retrospective information to predict the future forest fire danger [8] . The forecast may be shortterm, medium-term, and long-term [9] . The causes of forest fires, in their turn, are human-induced or of natural character [10] . The forest fire under thunderstorm activity conditions is the most noteworthy issue [11] . There are different approaches to solve the problem to estimate and forecast the forest fire danger caused by thunderstorms [12] [13] [14] [15] . Nevertheless, all of these methods and approaches are without a physical basis [16] .
The geographic information system to forecast the forest fire danger caused by thunderstorms is currently being developed using a deterministic and probabilistic approach [17] . The probabilistic assessment of a forest fire danger scenario is used [18] , and the process development in each scenario is described by a deterministic mathematical model [19] . The information about the lightning processes in the controlled forest area is needed to monitor and forecast the forest fire danger caused by thunderstorm activity. The global WWLLN network is currently operating in the world [20] . Its data can be used to analyse thunderstorm activity in the particular region.
The study aim is to formulate a new concept to assess, monitor, and forecast the forest fire danger under thunderstorm activity conditions using the data of:
• the Earth surface satellite remote sensing,
• the surface layer of the atmosphere,
• the WWLLN lightning direction finding network .
Lightning-caused forest fire danger prediction model
A probabilistic criterion formula to assess the forest fire danger caused by thunderstorms has been developed. The spatiotemporal dynamics of thunderstorm activity is taken into account. Firstly, the probabilistic criterion considers the level of thunderstorm activity in the controlled forest area on the basis of the retrospective thunderstorm front forming within the specified territory [21] . Secondly, the criterion also takes into account a cloud-to-ground lightning discharge especially that occurs during the night and can lead to the secondary forest fires. / The formula to estimate the forest fire probability caused by lightning activity is the following:
where P L is the probability of a forest fire caused by thunderstorm, P(L) is the probability of a thunderstorm, P (L/Lj) is the probability of a cloud-to-ground lightning discharge while a thunderstorm front is passing, P (FF/L/Lj) is the probability of forest fuel ignition, P(D) is the probability that a forest fuel is dry.
The maturity of a forest fuel occurs first. Then a forest fire may break out provided that the storm front has formed in the territory. It is also necessary to take into account the probability of a cloud-to-ground lightning discharge [22] .
Forest taxation data
The forest taxation characteristic has great value for the correct assessment of forest fire danger. There is a group of forest areas that are divided into district forestries according to the forestry organization in the Russian Federation. The blocks are allocated in each district forestry, they consist of homogeneous inventory areas. The algorithm classifying the forest inventory areas and evaluating the fire danger of blocks on site has been previously developed [23] . Quite a simple assessment of the forest fire danger on site can base on the formula relating the number of fire hazardous inventory areas to the total number of inventory areas in the controlled area.
This information can be visualized in a separate layer of the geographic information system. A software tool has been developed using the high-level Python programming language to classify the inventory areas and evaluate the fire hazard of a block in the geographic information system. It is a built-in tool to develop additional modules [24] . 
WWLLN Data and Remote Sensing Analysis: Case Study
There was a thunderstorm without precipitation according to the Tomsk weather station data in its vicinity in some hours on the 22 nd of July, 2014 (reliable prognosis rp5.ru). The thunderstorm began at 13.00 pm. The approximate time of the thunderstorm beginning and end has been determined using the information about lightning discharges obtained . e.
,ntrItu:e.s from the WWLLN network for the given date. The dynamics of thunderstorm cells (clusters) has been studied during its passage as well. Figure 1 shows the spatial distribution of the obtained clusters of lightning discharges according to input conditions 20, 3, 20. The cluster numbers correspond to the sequence of their occurrence. According to the WWLLN data the thunderstorm started at 13.27 pm local time and ended at 21.41 pm local time that day. Cluster 54, which had been operating for about 3.5 hours and had 267 bits, was the greatest in duration and the number of bits. The activity of clusters 48, 51, and 52 had been noted for 40 minutes. The lifetime of other clusters was about 10 minutes. 
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The WWLLN thunderstorm clusters have been compared with the weather stations data and satellite data on cloud parameters. The data of the MODIS sensor on the Terra platform and its product MOD06_L2, which combines infrared and visible techniques to determine both physical and radiative cloud properties, have been used to compare the lightning data with the WWLLN clusters [http://modis-atmos.gsfc.nasa.gov/_docs/MOD06-ATBD_2015_05_01.pdf]. We have considered the MOD06_L2 data before and during the thunderstorm on the 22 nd of July 2014 (Fig. 3) . Figure 3 shows the lightning discharges from 13.35 pm to 13.55 pm that belong to cluster 48. The whole area of the thunderstorm cluster corresponds to the area of low temperature cloud tops and area in the clouds containing ice particles. Nevertheless, we should note that these areas exceed the thunderstorm areas in quantity. On the one hand, this is due to the errors in the algorithms of cloud microphysical parameters recovery according to the MODIS data [25] . On the other hand, the development of cloud lightning activity has not yet been fully studied and may have additional parameters that we can not consider in this case. 
Conclusion
This article presents the new concept to assess the forest fire danger caused by lightning activity. Within the scope of this initiative the deterministic and probabilistic method to estimate the forest fire danger, satellite data, and the WWLLN global lightning network data are integrated. The analysis of thunderstorm activity has been carried out in the Tomsk Region (the Timiryazevskiy forestry) using both technologies. The prospects of these technologies joint use have been proved to monitor and forecast the forest fires caused by thunderstorms.
